Background and Purpose-Previous ultrasound-based studies have shown an association between carotid artery atherosclerosis and dementia. Our aim was to investigate this association using postmortem examination. Methods-Postmortem morphometric measurements of carotid stenosis and intima-media thickness were performed in individuals with dementia (nϭ112) and control subjects (nϭ577). Multivariate logistic regression models were applied. Results-High-grade left internal carotid stenosis (Ն70%) was associated with increased odds for dementia (OR, 2.30; 95% CI, 1.14 -4.74; Pϭ0.02). Intima-media thickness was not associated with dementia. 
P revious studies using ultrasound as an assessment method have shown an association between carotid artery atherosclerosis (CAA), including intima-media thickness (IMT), and a higher risk of dementia. [1] [2] [3] Although ultrasound is a well-established method in routine clinical practice, it is associated with interexaminer variability in IMT and plaque measurements. 4 Moreover, specific segments of the carotid artery are difficult to evaluate, particularly the bulb and the internal carotid artery. 5 Morphometric evaluation of CAA in autopsy specimens allows evaluation of the limits of the plaque along the entire arterial length and the precise definition of the boundaries of the intima and media layers. We aimed to investigate the association of dementia and CAA measured by morphometric methods in a large autopsy series.
Methods
Specimens were collected from 2005 to 2008 at the Human Brain Bank of the Brazilian Aging Brain Study Group, including cases Ͼ50 years of age from a general autopsy service in Sao Paulo, Brazil. Demographics, cardiovascular risk factors, and cognitive status were obtained with the next of kin after signing a statement of informed consent approved by the local ethics and research committee. See http://stroke.ahajournals.org for complete methodology in the supplemental section.
The percentage of carotid stenosis was calculated by subtracting the lumen area from the intima area, dividing the difference by the intima area, and multiplying the result by 100 (Figure) . IMT was calculated by dividing the intima-media area (defined as the area internal to the external elastic lamina up to the lumen) by the media perimeter (delineated by the external elastic lamina).
Neuropathological examination was performed in a subgroup of participants. Microvascular changes were analyzed semiquantitatively using hematoxylin and eosin staining in 14 routinely sampled areas plus additional areas detected at the macroscopic examination. The presence of lacunae, microinfarcts, and infarcts was registered. Clinical and neuropathological evaluations were carried out double-blinded.
We conducted univariate and multivariate logistic regression analyses to assess the correlation between dementia (binary outcome) and carotid artery obstruction (defined as of Ն70% obstruction) and quartiles of IMT. Results were adjusted to demographic, cardiovascular risk factors, and presence of stroke.
Results
A total of 689 cases were analyzed. Demographics and cardiovascular risk factors of the sample are shown in the Table. Stroke reported by the family was more prevalent among demented individuals (25.0% versus 8.8%; PϽ0.001). Of the 689 participants, 233 (33.4%) had neuropathological examination. Lacunar infarctions were present in 32 participants (13.7%) and was similarly distributed between individuals with and without dementia (14 of 71 versus 18 of 162, Pϭ0.08, respectively). High-grade stenosis was detected in 3% to 9.4% of participants according to the artery segment (Supplemental Table I 
Discussion
Although widely used, the interpretation of ultrasonographic evaluation may be dependent on sonographer expertise and can be difficult to perform due to unfavorable patient biotype. In the Rotterdam Study, common carotid artery IMT was measurable in 96% of individuals, carotid bulb in 64%, and internal carotid artery in 31%. 5 Our study is the first to describe the association between dementia and CAA using morphometric evaluation in autopsy specimens.
We found differences that were specific for side and segment of the carotid artery segment. Severe left-sided atherosclerotic lesions are expected to have a greater impact on cognition than CAA on the right side. 1 Differences in hemodynamics among distinct carotid artery segments may explain why the association between CAA and dementia is significant only for severe stenosis located in the internal carotid artery. In our study, IMT showed no association with dementia. Previous studies have reported conflicting results regarding this association. [1] [2] [3] Cognitive impairment may be associated with high-grade stenosis of the internal carotid artery even without evidence of infarction on MRI or a history of stroke. 1 Indeed, in our study, the analysis of 233 patients showed that prevalence of lacunar infarctions is similar between individuals with and without dementia. Cerebral small vessel diseases may mediate the link between atherosclerosis and dementia through direct vascular brain damage or by accelerating clinical expression of dementia. Silent embolization and chronic cerebral hypoperfusion are also possible mechanisms implicated in CAA-related cognitive impairment. Because we did not assess language and aphasia may impact the dementia diagnosis, our results need to be interpreted in light of this limitation. Further studies, including animal models, are needed to clarify the precise etiology of the dementia and to determine the impact of vascular brain lesions on cognitive function.
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Participants and post mortem cognitive evaluation
In the present study, specimens collected at the Human Brain Bank of the Brazilian Aging Brain Study Group (HBB-BABSG) were used, including cases older scale was used [3] . A cut-off value of 3.4 was adopted to discriminate between individuals with and without cognitive impairment. Individuals rated with CDR≥1 and IQCODE≥3.4 were considered demented. The control group comprised subjects with CDR=0 and IQCODE<3.4.
Anatomic post-mortem assessment of carotid artery atherosclerosis, intima-media thickness and neuropathological evaluation
Carotid arteries were conserved in 70% ethyl alcohol and later filled with agar to prevent artery collapse. Subsequently, the specimens were fixed in 10% paraformaldehyde and then cut into 5 mm-thick segments. The segments with the greatest obstruction were selected from among the common and internal carotid arteries (right and left sides), embedded in paraffin and cut into 8-μm thick sections. Each of these regions was stained using Verhoeff´s stain and photographed with a stereomicroscope (Nikon® SMZ 1000). The image processing program ImageJ® was used for measuring the lumen and intima areas. The intima area was delineated from the internal elastic lamina up to the endothelial surface. The percentage of carotid stenosis was calculated by subtracting the lumen area from the intima area, dividing the difference by the intima area and then multiplying the result by 100 (Figure 1 ).
IMT was calculated by dividing the intima-media area (defined as the area internal to the external elastic lamina up to the lumen) by the media perimeter (delineated by the external elastic lamina). This measure represents an estimate of the mean IMT of the whole wall of the carotid artery slice. The result was stratified by quartiles of IMT of the common and internal carotid artery, and compared for the presence of dementia.
Neuropathological examination was performed in a subgroup of participants.
Microvascular changes were analyzed semi-quantitatively using H&E staining in 14 routinely sampled areas plus additional areas detected at the macroscopic examination [1] . The presence of lacunae, microinfarcts, and infarcts were registered. Clinical and neuropathological evaluations were carried out double blinded.
Statistical analysis
The main dependent variable was presence of dementia (binary outcome). We initially conducted univariate analysis assessing the correlation between dementia and carotid artery obstruction (obstruction was defined as of greater or equal than 70% obstruction). We also conducted univariate analyses with other variables such as quartiles of carotid artery IMT. The next step was to conduct multivariate logistic regression analyses in order to adjust the results for the presence of confounders, such as demographic and cardiovascular risk factors. Demographic factors selected for adjustment a priori were age at death, gender and years of education. Cardiovascular risk factors selected a priori were history of hypertension, diabetes, dyslipidemia, coronary artery disease, heart failure, physical inactivity, smoking and alcoholism, according to the clinical interview. Finally, the results were further adjusted for the presence of stroke. The level of significance of all tests was set at 5% in 2-sided tests.
The statistical analyses were performed using the Stata statistical software version 10.0 (Stata Corp., College Station, Texas). 
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